ABSTRACT.-Females of many species of birds possess either a reduced version of male ornaments or conspicuous but hidden ornaments. No female specific ornament display has been described previously in a species with reduced or hidden female ornaments. We describe such a display in Northern Cardinals (Cardinalis cardinalis). The display consists of a perched female rotating her wings open to expose the red, carotenoid-pigmented underwing coverts, which are indicative of individual quality in this species. Received 19 March 2003, accepted 21 September 2003 Birds are some of the most elaborately ornamented vertebrates. Many studies have addressed ornaments in males and their use in mate choice and intrasexual competition as indicators of condition or behavior (reviewed in Andersson 1994). The relatively few studies on female ornamentation present evidence that female ornaments can be used similarly in mate choice and intrasexual competition (reviewed in Amundsen 2000), yet no previous studies have described such a female specific display. Here we describe such a display in Northern Cardinals (Cardinalis cardinalis).
Birds are some of the most elaborately ornamented vertebrates. Many studies have addressed ornaments in males and their use in mate choice and intrasexual competition as indicators of condition or behavior (reviewed in Andersson 1994) . The relatively few studies on female ornamentation present evidence that female ornaments can be used similarly in mate choice and intrasexual competition (reviewed in Amundsen 2000), yet no previous studies have described such a female specific display. Here we describe such a display in Northern Cardinals (Cardinalis cardinalis).
There are three gender patterns of ornamentation in birds. In the first, the sexes are monomorphic in ornamentation. In the second, less common pattern, females possess more elaborate ornamentation than males. In the third, the most common pattern, females possess a reduced version of the more elaborate male ornament. Lande (1980) developed the correlated response hypothesis to describe this last pattern. Under this hypothesis, female ornaments are not sexually selected but rather are the result of genome sharing between the sexes and strong selection for elaborate male ornamentation. Female ornaments are reduced in expression in response to natural selection 1 Dept. of Biology, Indiana Univ., Bloomington, IN 47405, USA.
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3 Corresponding author; e-mail: jjawor@indiana.edu (e.g., to reduce nest predation; Martin and Badyaev 1996) . There has been little empirical support for Lande's correlated response hypothesis. However, there is growing support for the alternative hypothesis of sexual selection maintaining female ornamentation, even when ornamentation is reduced in expression (Amundsen 2000) . Studies on sexual selection and ornamentation focus on the signal value of ornaments within the context of mate choice. In species with subdued ornament expression in females, ornaments have been linked to aspects of quality such as body size, the ability to produce nests early in the breeding season, the ability to produce many eggs, or the ability to resist disease (Burley et al. 1992 , Møller 1993 , Owens et al. 1994 , Amundsen et al. 1997 , Roulin et al. 2000 , Romero-Pujante et al. 2002 . In some species with subdued female ornamentation, the ornaments are visually hidden on females, presumably as a result of natural selection. For instance, the female ornament may be relatively brightly colored feathers on the ventral surface of the wing, not visible when the bird is perched, but visible in flight. We have found no previous reports of species in which females overtly display hidden ornaments to males, as we have observed in female Northern Cardinals.
Male cardinals possess red plumage over the whole body, a tall head crest, a red-orange bill, and a large black face mask. Female cardinals are tan in overall plumage color, possess a similarly tall head crest and red-orange bill, but have a smaller, less distinct face mask and have red underwing coverts. Female face mask expression, bill color, and underwing covert color all indicate aspects of individual quality (Jawor et al. in press ). Male cardinals perform a variety of physical displays during courtship that draw attention to ornaments, particularly the bright red plumage of the upper breast (e.g., song-dance display, songflight, alert display, and territorial singing dis-play; Lemon 1968) . No female displays of ornamentation have been described previously in cardinals (see Halkin and Linville 1999) .
We observed on seven occasions female cardinals displaying their underwing plumage to males during breeding seasons between 1991 and 2002. Other researchers also have observed this display in female cardinals (N. Gray, S. U. Linville, P. M. Nealen, and L. L. Wolfenbarger pers. comm.). In this display, a female perches in an accentuated upright posture facing a male, with crest erect, while holding her wings out from her body. The wings are not fully extended but rather bent at the wrist, with primaries pointed downward. The posture is reminiscent of a person holding open a jacket. The red, carotenoidpigmented underwing coverts are presented to the male. This posture is held for Ͻ5 s. There is no female vocalization accompanying the visual display. The lack of vocal announcement and short duration of the display likely are the reasons that we have observed this display so infrequently, despite hundreds of hours of focal observations of pairs of cardinals. The stance of the female is unlike that in a copulation solicitation display or a courtship feeding solicitation display (both given by female cardinals), as the female remains upright with her tail held straight down. During the lopsided display (Lemon 1968) a male cardinal may lift one wing while displaying the underside of the body. This display is quite different from the female display described here in that only one wing is lifted and partially extended away from the body, while the body is lowered and rotated about its axis (see Lemon 1968 for illustration).
All of the female displays we observed were given toward males. The members of one pair were both identified by band combinations during the display. For five of the remaining six displays observed, only one member of the pair was identified. Either the male or the female was identified by color bands during the display, and all five occurred within the boundaries of known territories. We observed the seventh display in a nearby unbanded population. We assume that the recipient of the display was the female's mate, but it is possible that this display was given to a male other than the mate.
We observed displays both early and late in the breeding season and during mid-to late morning. We did not observe copulations or copulation attempts following the female display, although in each instance the male approached within 1 m of the displaying female. Each male was positioned for good visibility 2-7 m away from the female when the display was performed, and each male approached the displaying female either during or within 5 s of her display. Following the male's approach, the pair left the area or moved into dense vegetation. We did not observe the male giving displays of his own during the time when a female displayed, nor was any male heard to sing. The male did not appear to investigate the displaying female's plumage upon landing near her, but it is probable that the male cardinal could see the underwing plumage from several meters away. Although during our observations of this display the male did not then feed the female, one researcher (P. M. Nealen pers. comm.) has observed this sequence of events. All displays were performed 5-8 m above ground in crowns of trees with sparse leaf cover. Displays do not appear to take place near the nest, as all observed displays were well above the mean nest height in this species. We do not know the displaying females' stage of reproduction. The observed displays occurred either early in the breeding season before we had found an active nest (although one may have been present) or later in the season in cases where we had not yet found a new nest for this repeatedly nesting species. Additional findings with cardinals suggest that the described display may communicate information on individual quality. In females, the underwing plumage is indicative of multiple aspects of quality (body size, body condition, date of first nest produced, and reproductive success; Jawor et al. in press). Also, cardinal pairs mate assortatively by ornamentation (Jawor et al. 2003) ; cardinal pairs possess similar bill colors, and the redness of male upper breast plumage color is positively correlated with the redness of his mate's underwing plumage color. Assortative mating is suggestive of bidirectional mate choice, and the described female display may facilitate male assessment of this condition-dependent ornament in female cardinals. This display may be integral to the formation of new pairs.
Males display their quality to females via ornamentation, and our observations suggest a reciprocal display of female quality. For established pairs, this display also may maintain pair bonds, or provide information to males on female receptivity to copulations. Cardinals nest repeatedly during the breeding season (Filliater et al. 1994 ) and divorces occur both within season and during winter (JMJ and RB unpubl. data) . This situation would favor the display of individual quality at multiple times during the year, even in established pairs. Some of these suggested functions could be tested with captive cardinals in aviary experiments, although this species does not thrive in captivity (L. L. Wolfenbarger and G. E. Hill pers. comm.).
It is clear that natural selection has acted in some bird species to reduce female ornamentation from the more conspicuous male expression (Burns 1998). Less appreciated is the fact that this process has yielded hidden ornaments that are not easily assessed when a female is perching, incubating eggs, or brooding nestlings. Hidden ornaments consist of brightly colored underwing coverts, primaries, secondaries, undertail body coverts, or tail feathers that are not easily observed unless the tail or wings are spread. There are many North American species of birds in which females possess ornamental coloration that is so hidden, e.g., many warblers, Pyrrhuloxia (Cardinalis sinuatus), Crimson-collared Grosbeak (Rhodothraupis celaeno), Black-headed Grosbeak (Pheucticus melanocephalus), and Rosebreasted Grosbeak (Pheucticus ludovicianus). We predict that at least some species with hidden female ornaments also possess female limited ornament displays.
Lande's (1980) correlated response hypothesis assumed that female ornaments are subdued in expression due to the influence of natural selection. We believe this assumption is warranted. However, this does not mean that subdued or hidden ornaments cannot serve as indicators of female quality under sexual selection. Hidden ornaments in female birds and, perhaps, female limited displays of these indicators of quality likely are a compromise between natural and sexual selection both acting directly on females. ABSTRACT.-In this paper we report the copulation behavior of the Greater Rhea (Rhea americana), a species in which males defend a harem of females. We describe the females' behavior during 14 copulation events observed from 1995-1997 at Buenos Aires province, Argentina. During copulations, females performed a more active role than previously suggested. Moreover, on three occasions we observed that harem females performed a complex copulation solicitation display, forming a closed circle to attract the male. We hypothesize that this display could be a reliable signal to the male of the tendency of females to be inseminated and lay eggs communally. The Greater Rhea (Rhea americana) is a precocial flightless bird that inhabits grasslands and other open habitats in the southern Neotropics. Rheas, like other ratites and some tinamous, are unusual among birds in that they combine a complex mating system with uniparental care by males. Previous studies describing the mating behavior of Greater Rheas emphasized that males perform conspicuous reproductive behavior (Raikow 1969 , Bruning 1974 . Female behavior, however, has been poorly described, focusing mainly on egg laying. Here we describe the mating behavior of wild Greater Rheas, including a previously unrecorded copulation solicitation display performed by the females.
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2 Corresponding author; e-mail: gjf@bg.fcen.uba.ar from 2 to Ͼ10 females (usually 4-6). The male copulates with each female in his harem at least once every 2-3 days, and the females lay their eggs in a single communal nest built by the male. The male performs all incubation and chick-rearing behaviors. Once the egg laying at a particular nest is completed, the females sometimes mate with other males (Astley 1907 , Bruning 1974 . Thus, this mating system combines harem (female defence polygyny) with sequential polyandry (Oring 1982 , Jenni 1974 . We observed Greater Rheas at General Lavalle (36Њ 25Ј S, 56Њ 56Ј W), Buenos Aires province, Argentina, during the breeding seasons of 1995-1997. The study area is a temperate grassland of the flooding Pampa (Soriano 1991). The terrain is flat, low, and marshy, with most land Ͻ10 m above sea level (see description in Fernández and Reboreda 1998). We made observations from 7:00-19: 00 EST from a vehicle located 100-200 m from rhea groups.
We observed a total of 14 copulations involving seven males. All copulations occurred during morning (7:00-11:30, n ϭ 6) or evening (16:00-19:00, n ϭ 8), and copulations lasted 1-2 min. The minimum observed time between successive copulations by the same male was 20 min. For nine copulations we monitored the group before copulation solicitation took place. In six instances the male approached an isolated female of the group while she fed and he started to perform courtship displays. These involved mostly headbobbing, in which the male moves his head vigorously up and down (Raikow 1969) . The female responded to the displaying male by lowered her head and then remaining motion-less. Meanwhile, the other females of the group approached the displaying pair and surrounded them closely. The male then compelled the female to rest on her tarsi by pushing and pecking her back, and he mounted her. The other females of the harem remained quiet with their heads lowered throughout the copulation event. When the copulation ended all the rheas began feeding.
During the other three copulations we observed, the females displayed, apparently to attract the male. In these cases the male was feeding while females approached one another, forming a circle near the feeding male. The circle formation began when a female approached another female closely and they both inclined the anterior of their bodies downward, lowering their necks slightly in a Ushape. The other females of the harem approached these two females quickly and closed the circle, adopting similar postures with their heads toward the inside of the circle. When all females had joined in the circle, they remained still for about 1 min. In two instances, the male initially was unresponsive to the display, but the females persisted and the male eventually approached them. When the male did respond, he approached the circle and walked around the females. He then attempted to copulate by grasping one of the females at the posterior base of her neck. He pulled that female away from the circle and, still grasping her, he mounted her. The other females approached and surrounded them, and then remained still with their heads lowered during the copulation. Once copulation ended, all the rheas dispersed and fed or walked. We were unable to determine how the male selected the particular female with which he copulated.
In five cases we encountered the group of birds just after the copulation display had begun; the other females remained within a couple of meters of the copulating pair. In one instance a second male approached the females and began to court them while the first male was copulating. The other females did not respond to the second male, and the first male interrupted the copulation and chased the second male away. The first male then returned and finished copulating with the same female.
We observed the females' copulation solicitation display on seven other occasions in which copulations did not occur. In each case the females' display was not a response to a specific stimulus by the male. In two cases the male was unresponsive to the females' display, and the females instead resumed feeding. In one case, while the female group was displaying, one female pecked another female and the group quickly dispersed. In the other four cases males and females were disturbed by our presence and moved away. The females' group copulation solicitation display is unusual among birds and could be related to the communal nesting behavior of Greater Rheas. Courtship displays were suggested to be a stimulatory signal that favors the physiological adjustment between the sexes (Lehrman 1959) . Thus, the display of Greater Rhea females could be related to their reproductive condition and could be a reliable signal to the male of the fertility status of females.
The females' display shares an aspect of those of lekking males in that the aggregation of displaying individuals apparently accentuates the effectiveness of the signal (Andersson 1994, Höglund and Alatalo 1995) . Unlike lek mating systems, in which displays attract a partner, female rheas displayed after harem formation. Also, there was not a single female that monopolized copulations within harems, as with males in leks.
The group copulation solicitation display entails several costs for females. Each female within a harem must ensure that she will be fertilized in a timely fashion. Competition among females could arise from these effects since asynchrony in egg laying, particularly late egg laying, significantly reduces egg hatchability (Fernández 1998) . This cost may increase if males are sperm limited, as was suggested for small passerines (e.g., Westneat et al. 1998 , Nicholls et al. 2001 . In this case, Greater Rhea males could allocate sperm among females, refusing to copulate in some cases, as we observed. This effect might increase the reproduction costs for individual females, and also increase insemination competition within a harem. Each female, then, could increase her benefit by excluding other females, thus reducing the cost of competition within harems. However, we rarely observed aggression or other evidence of competition among members of the harems despite their physical proximity.
This potential for competition among females within harems could be molded by natural selection acting on male and female interests. Communal nesting has been suggested as an evolutionary strategy to reduce the male nest and chick attention costs in this species (Vehrencamp 2000) . However, nesting Greater Rhea males neither build the nest nor sit on it until most of the females are ready to lay. In addition to the male benefits, females increase their fitness through egg laying synchrony as it is one of the main factors that affects hatching success (Fernández 1998) . Asynchrony in egg laying extends the laying period, delays the onset of incubation, reduces hatching success of earlier eggs, and increases the risk of predation. Females may be selected to synchronize copulations as nesting progresses in order to optimize their individual fitness. Therefore, it would be beneficial to females to synchronize egg laying. It is likely that complex group copulation solicitation behavior evolved through a selective pressure to reach a high synchronization in egg laying, reducing the cost of a prolonged egg laying stage and nest exposure. In this way displaying females behaving cooperatively would be increasing their individual fitness.
The only lek bird species known where males show a cooperative display to attract females are manakins (genus Chriroxiphia) and the Ruff (Philomachus pugnax), a Eurasian sandpiper. All four Chriroxiphia species perform a coordinated cartwheel display involving two or more unrelated males (Foster 1977 (Foster , 1981 McDonald 1989; McDonald and Potts 1994) . In these species, instead of males cooperatively displaying to attract and court a female, only the dominant male achieves copulations (McDonald and Potts 1994) . Also, incipient cooperation has been reported in two other manakins species (genus Pipra; Robbins 1985) . Subordinate males in these species do not compete with the alpha male to mate with females, but they can gain inheritance rights to the displaying site.
Ruff males form associations within leks to attract females to the breeding arena (Hugie and Lank 1997) . Resident males allow access of ''satellite'' males to the displaying court, and both males display to attract females, who may copulate with either male. The access of satellite males to the display court imposes several costs to the resident male, as satellite males may copulate with females and interfere with the resident's mating. These costs, however, are offset by the benefits derived from female preference for co-occupied courts. Thus, in this paradigmatic example, acceptance of satellite males by resident males appears to be the only evolutionary stable strategy (Hugie and Lank 1997) . Similarly, female Greater Rheas could be exposed to a trade off between competition and cooperation, as females must synchronize and reduce interference to ensure adequate investment from the males. Males may increase their fitness by increasing harem size, reducing egg-laying asynchrony, and reducing between-female interference. As a consequence, female reproductive behavior might be molded by these conflicting forces between cooperation and competition for mating, mediated by males interests. Thus, Greater Rhea males could favor this cooperative behavior among females and might be responsible for its evolution.
Our observations indicate that the role of females in the mating behavior of Greater Rheas is more active than previously supposed. Also, these observations might reveal a cooperative behavior among females of the same harem. To our knowledge, this is the first description of females cooperation in a mating solicitation behavior in birds. In the other communal egg-laying ratite species, the Ostrich (Struthio camelus), such cooperative behavior is absent; instead there is a high rate of female-female competition. This could be due to the existence of a primary female who controls the copulations and egg laying of the rest of the females in the group (Bertram 1992) . In the other ratite species where females have strong female-female competition, the Emu (Dromaius novaehollandiae), the male performs all incubation and chick care, but females usually monopolize copulations with the breeding male by actively excluding other females from nesting territories (Coddington and Cockburn 1995) . Cooperative behavior of Greater Rhea females appears to be unique in birds, and may be the result of conflicting male and female interests in a species with uniparental male care. It is possible that other related species with these reproductive ABSTRACT.-Most female birds have only a left ovary and associated oviduct. The entry to the oviduct is on the left side of the urodeum of the cloaca. This arrangement may favor males that mount females from the left during copulation if it results in sperm being placed closer to the opening of the oviduct. Therefore, we predicted a left-sided directional bias of cloacal contacts during House Sparrow (Passer domesticus) copulations. Cloacal contacts from the left outnumbered those from the right 74 to 25 (3:1) during 25 bouts of copulation at 11 House Sparrow nests. While this pattern suggests that a left-sided bias in mounting by males during copulation may be related to the asymmetry of the female reproductive tract, it also might be related to brain lateralization. Received 14 May 2003 , accepted 15 August 2003 In most species, female birds have only a left ovary and associated oviduct. The entry to the oviduct is on the left side of the urodeum of the cloaca (King 1981). Interestingly, the erect phallus bends to the left (King 1981 , Lake 1981 , matching the asymmetry of the female reproductive tract in the approximately 3% of bird species that have an intromittent organ (e.g., ratites and anseriformes; Lake 1981, Briskie and Montgomerie 1997).
The lack of an obvious intromittent phallus would seem to make it more difficult for male passerines than for ratites or anseriforms to deposit semen near the oviduct (Briskie and Montgomerie 1997). However, the semenemitting papilla that extrudes from the urodeum of the male cloaca in some passerines might act as a phallus (Wolfson 1954 (Wolfson , 1960 Birkhead et al. 1991; Mulder and Cockburn 1993; Birkhead and Hoi 1994; Lombardo 2001) facilitating the placement of semen near the oviduct and thereby increasing the probability of successful fertilization (Biellier et al. 1961, Holleman and Biellier 1976) . It also may be more difficult for females to eject semen (Davies 1983) deposited directly into or near the opening of the oviduct.
The anatomical asymmetry of female reproductive tracts also could favor male behavioral adaptations during copulation. For example, males that mount females from the left may be favored if doing so results in ejaculates being placed closer to the oviduct (Petersen et al. 2001) . For example, Gerhardt (1933 ( , in King 1981 observed male Ostriches (Struthio camelus) mounting females from the left and related this behavior to the asymmetry of the female reproductive tract. Cloacal contacts from the left outnumbered those from the right by 3:1 during Tree Swallow (Tachycineta bicolor) copulations consistent with the ''directional bias in mounting'' hypothesis (Petersen et al. 2001) . We examined the generality of the directional bias in mounting hypothesis to birds without intromittent organs by determining the left-right pattern of cloacal contacts during House Sparrow (Passer domesticus) copulations.
METHODS
We observed House Sparrow copulations between 06:30 and 09:00 EST each day from 30 April to 24 May 2002. The sparrows bred in wooden nest boxes that were arranged in a grid in an old field or mounted on utility poles along roadways on the campus of Grand Valley State Univ., Ottawa County, Michigan (42Њ 57Ј N, 85Њ 53Ј W). We observed House Sparrows from the inside of parked vehicles and changed locations every 30-45 min to ensure that we observed as many active nests as possible each day. During observations, one field assistant transcribed the observations made by others.
House Sparrow copulations occur frequently and in conspicuous locations, and are easy to detect because they often are preceded by easily recognizable male and female precopulatory displays (Lowther and Cink 1992) . Male House Sparrows attempted copulations by trying to land on the backs of females in order to make cloacal contact. Following Petersen et al. (2001), we (1) scored a copulation attempt as successful when we observed a male land on a female's back and both birds twisted their tails so that their cloacae made contact and (2) recorded whether each cloacal contact was made from the right or left side of the female's body. It was easy to determine the side from which males mounted females because females bent their tails in the direction opposite that of the male mounting position. Females rejected copulation attempts by either keeping their tails down, which prevented males from make cloacal contact, or by flying away.
We used SPSS ver. 10.0 for Windows (SPSS, Inc. 2002) to examine the data for normality and used parametric and nonparametric statistical tests to analyse data where appropriate.
RESULTS
We observed 99 cloacal contacts occurring during 25 bouts of copulation at 11 nest boxes (mean ϭ 2.27 Ϯ 1.35 SD bouts of copulation per nest box; range 1-5). Cloacal contacts per bout ranged from 1-11 (mean ϭ 3.96 Ϯ 3.31 SD, n ϭ 25 bouts). No matter how the data were partitioned, cloacal contacts from the left outnumbered those from the right. During the first bout of copulation we observed at each nest box (1) initial cloacal contacts from the left outnumbered those from the right seven to two (78%; we did not record the direction of the first cloacal contact at two boxes), (2) the total number of cloacal contacts from the left outnumbered those from the right 30 to 6 (83%; 2 ϭ 16.00, df ϭ 1, P Ͻ 0.001), (3) the proportion of contacts from the left (mean ϭ 0.78 Ϯ 0.32 SD) was significantly greater than that from the right (mean ϭ 0.22 Ϯ 0.32 SD; paired t ϭ 2.94, df ϭ 10, P ϭ 0.015), (4) the total number of contacts from the left outnumbered those from the right at nine boxes (82%; sign test, P ϭ 0.02), and (5) at six boxes (55%) all cloacal contacts were from the left. During 25 bouts of copulation, the total number of cloacal contacts from the left outnumbered those from the right 74 to 25 (74.7%). DISCUSSION House Sparrow copulations had the same left-sided directional bias in mounting as observed in Tree Swallows (Petersen et al. 2001) , suggesting that this pattern might be common in birds without intromittent organs. Petersen et al. (2001) discussed several ways that a left-sided directional bias of cloacal contacts could reflect manifestations of male and female reproductive strategies and thus be adaptive. Similarly, some herpetologists (Crews 1978 , Tokarz 1988 , Tokarz and Slowinski 1990 , Shine et al. 2000 have argued that some squamate reptiles alternately use each side of their hemipenis during copulation as a behavioral adaptation to sperm competition.
Contrary to the prediction of the directional bias in mounting hypothesis, American Avocets (Recurvirosta americana) and Blacknecked Stilts (Himantopus mexicanus), charadriiforms that lack intromittent organs, each showed a right-sided directional bias in mounting behavior (Sordahl 2001) . A directional bias in mounting in birds need not be solely related to the asymmetry of the female reproductive tract and sperm competition; it also could be related to brain lateralization (Vallortigara et al. 1999) . A variety of studies (e.g., Güntürkün and Kesch 1987, Güntürkün et al. 2000) suggest that brain lateralization directly affects avian behavior through the use of the lateral field of the eye contralateral to the brain hemisphere that controls that behavior (Vallortigara et al. 1999) . Studies of eye laterality in passerines suggest a right eye preference for object-specific cues and a left eye preference for spatial cues (Clayton and Krebs 1994). Furthermore, the left eye appears to be more reactive to ''emotionally charged '' stimuli (Vallortigara 2000) . Perhaps the left-sided directional bias in mounting in swallows and sparrows is related to a left eye preference for (1) the spatial skills required for the balance necessary for successful copulation and (2) reactions to the ''exciting'' stimulus of a female soliciting copulation. Brain lateralization may be the proximate mechanism underlying the ultimate explanation for the left-sided directional bias in mounting observed in Tree Swallows and House Sparrows. Further study of this question is required because laterality in eye use may differ even in closely related species; Dark-eyed Juncos (Junco hyemalis) and American Tree Sparrows (Spizella arborea) favor their right and left eye, respectively, when scanning for predators (Franklin and Lima 2001) .
Differentiating between these nonmutually exclusive explanations will require careful observations of the anatomical mechanics of avian copulation and determining (1) whether male mounting direction in birds influences the probability of fertilization; (2) if other bird species show a directional bias during mounting, and if so, whether the directional bias is related to phylogeny; and (3) ABSTRACT.-We describe for the first time the characteristics of the nest sites, nests, eggs, and nestling behavior of the endemic Snowy-cheeked Laughingthrush (Garrulax sukatschewi). During May and June 2002, at the Lianhuashan Natural Reserve in central China, we found five nests in coniferous forest at an elevation of 2,850 m. All nests, built by both members of a pair, were cup shaped and built 1.2-2.8 m above the ground in the branches of spruce (Picea spp.) trees or willow (Salix spp.) shrubs. The eggs were unspotted and greenish blue. We observed one brood of three nestlings. The parents fed the nestlings at a frequency of about 7.9 times/h Ϯ 2.8 SD, with the female performing 51.6% of the feedings. Both male and female adults removed the feces from the nest at a mean rate of 6.9 times/h. The poorly known Snowy-cheeked Laughingthrush (Garrulax sukatschewi) is endemic to China. It has a limited distribution in the Min Shan Mountains of southern Gansu and adjacent parts of northwestern Sichuan (Collar et al. 2001) . As a result of destruction of natural temperate forest through logging and conversion to agriculture and pasture, it is inferred to have a small, declining, severely fragmented population and is listed as a vulnerable species by BirdLife International (Stattersfield et al. 1998 , Collar et al. 2001 .
The Snowy-cheeked Laughingthrush has been reported in a variety of forest types in the temperate zone, usually with undergrowth of bamboo (Sinarundinaria nitida) and scrub. It has been observed in Lintan, Zhuoni (Jone), Min Xian, Wudu, Wen Xian in Gansu, Nanping (Jiuzhaigou) and Pingwu in Sichuan since 1899 (Dresser and Morgan 1899, Shi et al. 1984 , Li and Zhang 1989 , Collar et al. 2001 . In Gansu, it was found in the more elevated portions of the mountains in coniferous woodlands, especially where there is undergrowth of bamboo (Dresser and Morgan 1899). Li (1993) reported that this species laid three eggs and that the nest was cup shaped; however, no other details about the nest and eggs were provided. Up to now, it has been a little known species with virtually no information about its breeding behavior (Collar et al. 2001 ). Here we describe the features of the nests, eggs, nestlings, and nestling behavior of this species.
STUDY AREA AND METHODS Our study area was in the Lianhuashan Natural Reserve in Gansu province of central China (34Њ 57Ј N, 103Њ 46Ј E). The forest occurs on north-facing slopes and some northeast-and northwest-facing slopes, at elevations of 2,600-3,600 m; only shrubs and grasses grow on the south-facing slopes. Coniferous forest, the most prevalent cover type (42%) in our study area, is dominated by spruce (Picea asperata) and fir (Abies fargesii). The other cover types are (1) coniferousdeciduous forest, including spruce, fir, birch (Betula utilis), and many kinds of willows (Salix spp.), and (2) shrublands, including willows, sea buckthorn (Hippophae rhamnoides), and grasses. Mean annual temperature is about 5.1-6.0Њ C, with a maximum of 34.0Њ C and minimum of Ϫ27.1Њ C. The climate is semiarid, and in the higher elevations the annual precipitation is about 65 cm.
During 2002, five nests were found at about 2,850 m in the spruce-fir forests at the Lianhuashan Natural Reserve. We observed the parents' feeding behavior at one nest with three nestlings using 8ϫ35 binoculars at distances of 7-15 m. On 3 July 2003 we caught and color banded the female and we recorded the behavior of both adults for 374 min. We made day-long observations from 6-9 July and on 11 July, until the nestlings fledged. We marked the nestlings with white cotton strings around the leg and took measurements following Zheng (1995) . To describe the nest microhabitat, we measured the canopy cover, shrub cover, and ground cover on 10 ϫ 10 m square plots at each nest.
RESULTS AND DISCUSSION
We found the first nest during the early stages of construction (Ͻ10 small twigs) in an 8-m tall spruce on 14 May, at a height of 2.7 m and 1.6 m out from the central trunk. On the second day we observed both the female and male bringing more material, but the nest was abandoned shortly thereafter, possibly because of our disturbance. On 27 May, we found the second nest about 150 m from the first one. This time the nest was built in a smaller (3-m) spruce touching the trunk at a height of 1.7 m. However, this nest also was abandoned on the second day.
On 1 June, about 70 m from the second nest, we found the third nest in the branches of a bushy willow about 1.2 m high. During our 2-h observation, the birds collected twigs within 5 m of the nest. The nest was completed on 6 June. On 11 and 12 June, the female laid the first and second eggs. However, on 13 June only one egg remained; it had a hole in the shell possibly made by an avian predator. As the three nests were located relatively close together and no other birds were seen in the vicinity, we concluded that the three nests were made by the same pair.
We discovered a fourth nest in the last stage of construction on 29 May in a small (about 3-m) spruce, touching the trunk at a height of 2 m. On 3 July, about 20-30 m from the fourth nest, we found a fifth nest containing three nestlings 2.5 m above the ground and 0.5 m out from the trunk. This nest had very little overhead protection, but was located where two branches of two spruce trees (about 4 m tall) overlapped, forming a substantial platform for the nest. Although the two nest sites were very close, we are not confident that they belonged to one pair.
The Snowy-cheeked Laughingthrushes we observed seemed to be especially vigilant and prone to abandon the nest during the course of nest construction. The first, second, and fourth nests were deserted not long after we discovered them.
The third nest had an inside cup diameter of 9.5 cm, an outside cup diameter of 14.2 cm, and a depth of 5.3 cm. The cup was lined with thin strands of bamboo and had an outer layer of madder (Rubia spp.) stems. The outer bowl of the nest was made mostly of twigs, mainly honeysuckle (Lonicera sp.), and a few from spruce, fir, and birch. The two eggs were unspotted greenish blue; one was 29.5 mm by 18.4 mm (5.9 g) and the other 28.6 mm by 19.1 mm (6.0 g).
Mean ground cover within five sampling plots around the nests was visually estimated to be 45% (20-60%) grass and 26% (15-60%) moss. Mean shrub cover within the plots was 53% (40 -70%) from 0 -1 m above ground and 68% (50-80%) from 1-5 m above ground. Mean canopy cover above the nests was 78% (60-90%) and tree density in the sampling plots around the nests was about 5.7 (4-8) trees per 100-m 2 plot.
When we found the fifth nest, it contained three nestlings of unknown age. Assuming a nestling period of about 15 days (i.e., similar to that of the Elliot's Laughingthrush, Garrulax elliotii, of the same area; Fan and Lian 1996), we estimate that the nestlings were about 7 days old when discovered. We made four day-long observations of the fifth nest during the nestling period. The female began her diurnal activities a mean of 10.3 min Ϯ 9.8 SD before sunrise, and began nocturnal brooding a mean of 10.0 min Ϯ 6.1 SD after sunset. The mean length of the active day was 884.3 min Ϯ 3.0 SD (n ϭ 4). On 3 July, from 10:00 to 16:14 (Beijing time), we saw the female brood the nestlings five times with a mean duration of 24.4 min Ϯ 10.1 SD. After July 6, we did not see brooding behavior except on July 8th, when the female came back to the nest and brooded the nestlings for 13 min while it was raining. The female brooded the nestlings at night until 9 July. The male usually first arrived at the nest at 5:55 Ϯ 2 min (SD; n ϭ 5), and ended his activities at 20:22 Ϯ 12 min (SD; n ϭ 5). The male and female usually called to each other loudly near the nest at sunrise and sunset, and the calling lasted about 3-15 min. However, they usually were silent at other times, except when we measured the nestlings. The nestlings were fed 521 times during 65.6 hours of observation. Both parents fed the nestlings at a combined frequency of about 7.9 times/h Ϯ 2.8 SD. The feeding frequency increased from 3.2 times/h (on the first observation day) to 11.05 times/h (fledging day). We could identify the feeder in 94.2% of cases; the male provisioned 35.9% of the feedings while the female provisioned significantly more (58.3%; 2 ϭ 27.82, P Ͻ 0.001). Nestlings produced two kinds of feces; Ͼ90% were white fecal sacs with membranes enclosing the surface, and the others were black and tubular. Both the male and female removed fecal material from the nest at a mean rate of 6.9 times/h (350 times in 51.6 h) from 6-9 July.
Zheng and Wang (1998) reported that the Snowy-cheeked Laughingthrush's food includes insects, seeds, and berries. When we caught the female for marking, she had only earthworms in her bill. During our nest observations, earthworms (n ϭ 3), wild strawberry (n ϭ 2), unidentified small red berries (n ϭ 2), and a green insect larva (n ϭ 1) were brought to the nest. Most prey items, however, could not be identified. Table 1 shows the mean body measurements of the three nestlings. There was no significant difference among them in the growth rates of any measured variable (Kruskal-Wallis Test, P Ͼ 0.05).
The nestlings stretched their wings and preened frequently, especially the day before fledging, apparently to rid the developing flight feathers of their sheaths. Fledging occurred at 07:24 on 11 July. The two largest nestlings jumped to the spruce branches outside the nest and repeatedly hopped back and forth from the branch. At 07:31 the third nestling left the nest. The nestlings perched on the branches and accepted food from their parents, frequently stretching their wings. At 08: 01, they moved down to the ground.
We captured the young birds just after fledging. Their upper parts and back were grey-brown, and the bill was yellow with the upper mandible blended with brownish-black. Some natal down was still on the head, a mean of 8.6 mm in length. The primaries were black with a grayish white outer web. The tips of the tertiaries were white. The upper and under tail coverts were bright rufous. The tarso-metatarses and claws were pink. The tips of the rectrices were white, as were feathers in the auricular and lower occular areas.
Logging has been carried out in the Lianhuashan Mountains for more than 30 years, leaving the present fragmented forest landscape and posing a threat to populations of native forest birds. Nevertheless, our study area was in a relatively well-managed natural reserve where many species persist at seemingly high densities (e.g., Chinese Grouse, Bonasa sewerzowi; Sun et al. 2003) . We found at least four breeding pairs of Snowy-cheeked Laughingthrush in 30 ha, suggesting that this species can survive in adequate numbers in the remaining patches of forest. This, and the government's ban on further logging in Gansu, are grounds for cautious optimism for the future of this rare endemic member of China's avifauna.
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We thank the authorities and staff of the Lianhuashan Natural Reserve for their logistical support. We also thank Ting Ji for her help in the field and D. Strickland for his help with English. This study was supported by a grant from the Chinese Academy of Sciences (KZCX1-10-6), CAS Innovation Program, and the BP Conservation Programme. ABSTRACT.-We analyzed the body condition of nestling Burrowing Owls (Athene cunicularia) at Buffalo Gap National Grassland during the summers of 1999 and 2000. In 1999, which had a wet spring, body condition was negatively related to brood size and distance from nest to colony edge. There was no relationship between body condition and brood size during 2000, which had normal precipitation. In 2000, nestlings of early arriving pairs were in better body condition than those that arrived later. The variance in body condition within a brood was not related to brood size. portant that wildlife managers understand factors associated with the health of young owls and their subsequent ability to survive and reproduce. Body condition has been used as a measure of health for a number of bird species (Chappell and Titman 1983 , Hepp et al. 1986 , Hohman and Taylor 1986 , Wellicome 2000 , and has been defined as the fitness of a particular individual relative to its present and future energy demands and activities (Owen and Cook 1977) . Burrowing Owl nestlings typically show a large amount of variability in growth rates (Landry 1979 , Bellocq 1997 and body condition (Wellicome 2000) , largely attributable to the owl's asynchronous hatching; early nestlings get a greater proportion of food, which results in faster growth rates. In Canada, Wellicome (2000) found that supplementally fed pairs of Burrowing Owls had broods in better body condition than unsupplemented pairs during the two years of his study. We analyzed the relationship between nest-ling body condition and brood size, pair arrival date on the breeding grounds, nest distance to the colony edge, and nearest neighbor distance. We also analyzed variation in body condition within brood as a function of brood size, predicting small broods should show less variation because of more equitable provisioning.
METHODS We conducted our study from 1 April to 1 August of 1999 and 2000 in the Wall District of Buffalo Gap National Grassland in southwestern South Dakota (43Њ 44Ј N, 102Њ 20Ј W). The District has approximately 220 prairie dog (Cynomys ludovicianus) colonies that range in size from 0.5 to 700 ha, with a total area of about 4,000 ha. The study area was primarily in the Conata and Scenic Basins, both of which contain numerous prairie dog colonies. All colonies were subject to rotational grazing by domestic cattle, which has taken place on the National Grassland since 1900 (MacCracken et al. 1985a (MacCracken et al. , 1985b . During the period of our research the mean temperature in 1999 was cooler (14.9Њ C) and the mean precipitation was greater (8.9 cm) than the 100-year mean temperature and precipitation (15.6Њ C and 6.1 cm) for the same months (National Climate Data Center 2000) . During 2000, both temperature and precipitation (15.9Њ C and 7.1 cm) were closer to normal (National Climate Data Center 2000) .
We searched prairie dog colonies for Burrowing Owl nests at least twice weekly by foot, all terrain vehicle, and 4 ϫ 4 truck. We conducted surveys from 2 April to 15 June in 1999 and from 11 April to 15 June in 2000; no owls were present on the study site prior to surveys. All nest locations were recorded on geographic information system (GIS) maps provided by the U.S. Forest Service.
Counts of young owls usually were conducted at distances Ն100 m using a windowmounted spotting scope within a vehicle. We also scanned nearby satellite burrows (nonnest burrows used by the young) for activity. We spent a minimum of 15 min at each nest site, and frequently up to 45 min to get an accurate count. We visited nest sites at least twice a week but usually three to four times a week during this part of the study. We considered brood size to be the maximum number of young seen at each nest site prior to fledging.
We determined the date of arrival on the breeding grounds of individual pairs by the method of Wellicome (2000) . Arrival dates for 1999 were not included in the analysis due to the unusually wet weather that prevented us from reaching some of the prairie dog colonies. We measured to the nearest meter the distance from a nest location to the edge of the prairie dog colony (i.e., the extent of the clipped vegetation). We determined the location of each nest (Ϯ5 m) with a global positioning system and incorporated them into the existing GIS. We determined nearest neighbor distance (the next closest nest site, even if that nest was located in a different prairie dog colony) using ArcView ver. 3.0 (Environmental Systems Research Institute, Inc. 1996) .
We trapped Burrowing Owl nestlings from 19 June to 26 July 1999 and from 23 June to 1 July 2000. Nest sites selected for trapping were located in 21 (1999) and 16 (2000) prairie dog colonies of various sizes (1.5-700 ha). The nest was considered for trapping when the entire brood was consistently seen above ground, but before they started consistently using satellite burrows. Traps (similar to those used by Haug 1985) typically were set early in the morning or early in the evening to prevent heat-related stress. In order to obtain an accurate measure of mean body condition for a brood, only those nests at which at least one third of the brood was captured were used in the analyses; thus, two nests were excluded in 1999 but none in 2000.
We determined nestling body mass to the nearest 0.5 g with a spring scale. We also measured the length (Ϯ0.5 mm) of the culmen, tarsus, and unflattened wing chord (from flexed wrist to the end of the longest primary) to estimate structural size.
We used body mass corrected for structural size to provide a relative index of body condition for each bird (White and Bolen 1984 , Ringleman and Szymczak 1985 , Dufour et al. 1993 , Wellicome 2000 . We obtained a single measure of structural size for each individual through principal components analysis (PROC PRINCOMP; SAS Institute, Inc. 1999) on the correlation matrix of the three structural measurements (culmen, tarsus, wing chord). Results were analyzed for all nestlings trapped and separate indices were generated for each year. The first principal component described positive covariation among the three variables (coefficients for 1999: 0.60, 0.58, 0.55; coefficients for 2000: 0.58, 0.59, 0.57, corresponding to tarsus, wing chord, and culmen, respectively) and accounted for 80. 4% (1999) and 87.0% (2000) of the total original variance. Each bird's score along this axis (PC1 scores) served as the measurement of its structural size. The body condition index for each bird was then determined by using the mass residuals from the linear regression of mass on PC1. Thus, birds with positive residuals were heavier than what would be expected, and birds with negative residuals were lighter than what would be expected for that particular structural size (Wellicome 2000) .
We used SAS (SAS Institute, Inc. 1999) for all statistical analyses. We tested all variables for normality and transformed to LOG(y ϩ 1) if necessary. We used stepwise multiple regression to analyze the relation between the dependent variable mean body condition of broods and the independent variables brood size, distance to edge, nearest neighbor distance, and arrival date (2000 only). We used an entry P value of Յ0.15 for selecting variables to be retained in the model. The variation in body condition for different brood sizes, as expressed by the SD of the mean body condition of broods, also was examined using one-way ANOVA. We categorized brood sizes into: (1) small, two to three nestlings; (2) medium, four to five nestlings; and (3) large, six to seven nestlings. Results were considered significant at P Յ 0.05. Data were analyzed separately for each year due to the differences in weather and prairie dog activity. size (BS) and distance to edge (DE) were retained in the multiple regression model for 1999 and both were negatively related to body condition (n ϭ 26; y ϭ 37.70 Ϫ 3.34(BS) Ϫ 5.51(DE); R 2 ϭ 0.24, P ϭ 0.040). In 2000, only arrival date (AD) was retained; pairs that arrived earlier on the nesting grounds had broods in better body condition than those that arrived later (n ϭ 26; y ϭ 32.94 Ϫ 10.10(AD); R 2 ϭ 0.16, P ϭ 0.043). The t and P values of the individual parameters retained in the models are as follows: (BS) t ϭ Ϫ2.39, P ϭ 0.026; (DE) t ϭ Ϫ1.63, P ϭ 0.116; and (AD) t ϭ Ϫ2.14, P ϭ 0.043. Standard deviations of the mean body condition did not differ among brood sizes (1999: n ϭ 22, F 2,19 ϭ 0.42, P ϭ 0.67; 2000: n ϭ 24, F 2,21 ϭ 0.09, P ϭ 0.92).
RESULTS AND DISCUSSION
Larger broods were in worse body condition than smaller broods in 1999. Brood size has been found to be negatively related to nestling growth rates (Landry 1979 , Bellocq 1997 . Precipitation was above normal in 1999, which may have affected how many young the adults could adequately feed. Wellicome (2000) noted that nestling mortality increased during periods of heavy rain, and especially when rain fell for several consecutive days. Adults may not be able to hunt during these events. Nests located closer to the edge had broods in better condition in 1999. Perhaps pairs nesting closer to the edge can easily shift their hunting efforts to resources off the colony if prey is depressed on the prairie dog colony.
Pair arrival date was negatively related to nestling body condition in 2000, the only year examined. Presumably, pairs that arrive earlier on the breeding grounds are able to secure good territories with more food resources than those forced to nest in marginal habitat. While not significant for our 26 nests, when analyzed as part of our overall study (Griebel 2000) , there was a significant but weak positive relation between arrival date and nest location (i.e., early arriving pairs nested closer to the edge of the colony) (n ϭ 126, t ϭ 2.07, R 2 ϭ 0.03, P ϭ 0.040). Even though nearest neighbor distance was positively related to brood size and the number of young fledged per nest in 2000 (Griebel 2000) , these factors were not related to body condition of nestlings. Since there were no differences in the variation in body condition in relation to brood size, brood sizes may be adjusted early in the brood stage (e.g., by starvation); those young that survive the 10-14 days prior to emerging from the nest burrow may consist of a brood size the adults can adequately feed during a normal year.
The low amount of variation explained by the multiple regression models indicates other factors such as nearby food resources are associated with nestling body condition. Additional studies under different weather conditions and information on corresponding resource availability would be useful. the island when we encountered an active Bald Eagle nest on an isolated sea stack (a rock pinnacle in the intertidal zone). There were two adult Bald Eagles at the site, one perched on the nest and the other perched on the shoreline nearby. Upon climbing to the nest we found one eagle nestling and a live Glaucous-winged Gull chick in the nest cup. The eagle nestling weighed 4.2 kg and was partially feathered. We estimated the eaglet's age at about six weeks, based on the descriptions in Stalmaster (1987:67-69) . The gull chick weighed Ͻ50 g, was covered with natal down, and was estimated to be about one week old according to the photograph and descriptions by Drury (1984:142) . Based on a 26-to 27-day incubation period for Glaucouswinged Gulls (Drury 1984), we estimated that incubation of the gull egg began approximately 12 May and it hatched about 9 June. Based on the age of the eaglet and a 35-day incubation period (Stalmaster 1987:57), we estimated that the eaglet hatched during the first week of May, a few days before the egg containing the gull chick was laid. At the edge of the nest cup were the prey remains of an adult Glaucous-winged Gull, a Tufted Puffin (Fratercula cirrhata), a Norway rat (Rattus norvegicus), and an unidentified auklet (Aethia sp.).
We were intrigued by these observations because of the harmonious relationship between the eaglet and gull chick and the possible circumstances under which a live gull chick would come to be in an eagle nest. The gull chick was peeping and active on the nest, so JTF captured and held the gull chick while RGA weighed, measured, and banded the eaglet. When we were finished measuring the eaglet, we released the gull chick, and it immediately ran to the eaglet and sought cover under its wing. The eaglet willingly provided shelter for the gull chick with brooding-like behavior. The gull chick was healthy, sug-gesting that it was either being fed by the adult eagles or was scavenging enough food from the nest to survive. Because young gull chicks typically acquire food from their parents by touching their bills with their beaks (Drury 1984), we suspect that the eagles had actually adopted the young and were feeding it. We were surprised by this relationship, because adult Bald Eagles often prey on subadult or adult Glaucous-winged Gulls in the Aleutian Islands (Anthony et al. 1999) .
Skutch (1976) reported on interspecific adoption in passerines, including Winter Wrens (Troglodytes troglodytes) that adopted Great Tit (Parus major) chicks, Carolina Wrens (Thryothorus ludovicianus) that adopted Great Crested Flycatcher (Myiarchus crinitus) chicks, Scarlet Tanagers (Piranga olivacea) that adopted Chipping Sparrow (Spizella passerina) chicks, and Song Sparrows (Melospiza melodia) that adopted American Robin (Turdus migratorius) chicks. In each of these cases, the chicks were fed by the breeding males while the females were still incubating their own eggs; the unrelated chicks were neglected as soon as the breeding pair's own chicks hatched.
The most intriguing question is how a live gull chick came to be in an active eagle nest and developed a harmonious relationship with the eaglet. We can think of three possible explanations: (1) the eagle nest was parasitized by a female Glaucous-winged Gull and the Bald Eagles incubated the egg to hatching, (2) the eagles preyed upon an adult female gull with a well developed egg in its oviduct and incubated the egg after the gull was consumed, or (3) one of the adult eagles captured the gull chick, delivered it to its nest as prey, and the chick survived the ordeal (i.e., a nonlethal predation attempt).
The first explanation is highly unlikely, because the gull would have laid its egg in the eagle nest during the first week of the eaglet's life, a time when the adult eagles are highly attentive and brood the young almost continuously (Stalmaster 1987) . This likely would have been a fatal act by the gull because gulls are one of Bald Eagle's primary prey in the Aleutians (Anthony et al. 1999 ). In addition, gulls are not known to be brood parasites of other species, and incubation of the gull egg would have been performed by the eagles at least 3 weeks after the eagle chick had hatched. The change in hormone levels in birds after their young hatch likely would have prohibited incubation of the gull egg to hatching after their own chick had hatched.
Although intact eggs of Canada Geese (Branta canadensis), Rock Ptarmigan (Lagopus mutus; RGA pers. obs.) and Common Murres (Uria aalge; B. Moorehead pers. comm.) have been observed in Bald Eagle nests, the concurrence of a gull egg with a partially grown eaglet makes the second explanation unlikely as well. Also, Bald Eagles have been reported to eat Glaucous-winged Gull eggs in Washington (Thompson 1989) .
The third explanation is not expected as Bald Eagles usually kill their prey during the initial attack, and prey are delivered to the nest dead. Nevertheless, this is the most likely explanation of the three. Death-feigning behavior of prey may contribute to the occurrence of live nestlings of other species in Bald Eagle nests. This is not the first report of Bald Eagles tolerating or raising young of another species in their nest (Stefanek et al. 1992; Watson et al. 1993; Watson and Cunningham 1996; F. Isaacs pers. comm.) . In each of these cases nonlethal predation attempts were the suspected cause of the phenomena.
In summary, we can not fully account for the manner in which a live Glaucous-winged Gull chick was in an active Bald Eagle nest, although we believe it was a result of a nonlethal predation attempt. We do not know the fate of the gull chick because our research activities on Amchitka Island were limited to two days. ABSTRACT.-Northern Goshawks (Accipiter gentilis) typically hunt in forested habitats and feed upon birds and mammals there. Relatively little is known of goshawk food habits in coastal landscapes, and few seabirds have been documented in their diets. Although guillemots (Cepphus spp.) are potentially available to Northern Goshawks in most coastal landscapes within its range, they have not been documented previously in this raptor's diet. I observed the delivery of a Pigeon Guillemot (C. columba) to a goshawk nest on a coastal island in Southeast Alaska. Guillemots forage in shallow, inshore waters, making them a potentially difficult prey item for goshawks to capture. In addition, Bald Eagles (Haliaeetus leucocephalus) occur in large numbers in Southeast Alaska and probably harass goshawks when they are foraging in open habitat near the beach edge. Therefore, even in areas where guillemots occur, it is likely that they are only rarely hunted by goshawks. Received 3 April 2003 , accepted 15 August 2003 Northern Goshawks (Accipiter gentilis) are opportunistic predators that consume a wide variety of bird and mammal species (Cramp 1980a, Squires and Reynolds 1997) . They typically hunt in forests (Bright-Smith and Mannan 1994, Beier and Drennan 1997) where they feed on medium-to small-sized birds and mammals, including grouse, corvids, passerines, woodpeckers, and tree squirrels (Squires and Reynolds 1997) . In some landscapes, however, Northern Goshawks also hunt at forest edges and the associated open habitat (Kenward 1982) . Coastal landscapes provide such forest edges and intertidal habitats that are rich with marine-derived food sources that attract diverse avifauna not typically preyed upon by goshawks, e.g., shorebirds and seabirds. In this paper, I report the delivery of a Pigeon Guillemot (Cepphus columba) to a Northern Goshawk nest, a previously undocumented item in the goshawks' diet.
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During July 1999, I observed a goshawk nest on Heceta Island (55Њ 45Ј N, 133Њ 45Ј W) in southern Southeast Alaska, using a video surveillance system (Lewis 2001) . Heceta Island is about 18,900 ha with elevations ranging from 0-915 m. The landscape consists of coastal, temperate rain forest dominated by western hemlock (Tsuga heterophylla) and Sitka spruce (Picea sitchensis), which forms a mosaic with muskegs, alpine habitat, and extensive clear cuts in various stages of regeneration.
On 13 July, the fledgling goshawks were approximately 43 days old and were beginning to fly within the immediate vicinity of the nest. At 12:30 AST that day, an adult goshawk (sex unknown) delivered a Pigeon Guillemot to the nest. I identified this prey item based on three features of the carcass visible on the videotape recording: (1) a bright red leg and webbed foot, diagnostic of adult Pigeon Guillemots (Ewins 1993) ; (2) black feathers over the majority of the carcass, and a white wing bar; and (3) its relative size. These descriptive features do not occur in other avian species in the area (Armstrong 1995) . The guillemot was approximately 65% intact upon delivery. Typically, larger prey items are missing their head and neck upon delivery, and often have been eviscerated (pers. obs.). At the nest, one juvenile goshawk began to eat the guillemot until another delivery occurred 20 min later. Intermittent feeding continued over the next two days and the carcass was gone from the nest by the third day.
Guillemots are found along both the North Pacific and the North Atlantic coasts (Cramp 1980b , Ewins 1993 , where their ranges overlap with that of Northern Goshawks (Cramp 1980a, Squires and Reynolds 1997) . Guillemots inhabit rocky coasts and inshore waters (Ewins 1993) , and are available to avian predators in these locations (Nelson 1991 , Hayward et al. 1993 . Few researchers have examined the diet of goshawks in such coastal areas (Myrberget 1989 , Ethier 1999 , and prior to my study, none have documented guillemots in the diet. Because goshawks rarely scavenge prey (Squires and Reynolds 1997) , this guillemot likely was killed by the goshawk prior to its delivery to the nest.
Northern Goshawks typically forage in forests characterized by a dense canopy, large trees, and open understory (Beier and Drennan 1997) . Goshawks have broad wings and long tail that allow them to maneuver effectively in forests (Squires and Reynolds 1997) as well as ambush prey in more open habitats (Wattel 1981) . In some landscapes, goshawks frequently forage along forest edges and into adjacent open habitat (Kenward 1982 , Iverson et al. 1996 .
Within the Alexander Archipelago of Southeast Alaska, there are thousands of kilometers of forest edge along the beach where old growth forest abuts the intertidal regions. Northwestern Crows (Corvus caurina), a known goshawk prey species, are strongly associated with these intertidal areas and beach fringe forests (Verbeek and Butler 1999) , and goshawks readily prey upon these corvids here. While the extensive beach edge supports abundant potential prey, goshawks apparently use this resource only rarely (Lewis 2001) . Goshawks are ambush predators, and forested areas provides hiding cover from which to initiate predation attempts (Squires and Reynolds 1997) . In one study goshawks selected foraging sites based on habitat characteristics, not prey abundance (Beier and Drennan 1997) . Foraging away from forested areas could cause goshawks to lose the advantage of surprise and likely lower their hunting success.
The behavior of Pigeon Guillemots makes them difficult for Northern Goshawks to catch away from beach edge forests. Pigeon Guillemots nest in crevices and cavities on cliffs and among boulders, usually Յ30 m from mean high tide (Ewins 1993) . They often nest in small colonies that provide increased predator vigilance because more birds scan for predators (Ewins 1993) . There are two known Pigeon Guillemot colonies on Heceta Island (U.S. Fish and Wildlife Service 2003) , 3.5 km and 4.1 km from the goshawk nest.
Pigeon Guillemots forage in relatively shallow inshore waters, usually near their nesting areas (Kuletz 1983 , Ewins 1993 . Potential guillemot foraging areas are located in all directions from the goshawk nest on Heceta Island, and are located well within the home ranges of adult goshawks that were radio tagged and monitored while nesting at this site (Alaska Dept. of Fish and Game unpubl. data) . However, guillemots forage away from the forest edge from which a goshawk typically would begin a predation attempt. In addition, guillemots often retreat to the ocean when a predator is detected, diving to escape (Ewins 1993) .
Another potential reason goshawks generally do not forage on birds in the intertidal habitat is harassment and predation by Bald Eagles (Haliaeetus leucocephalus). Bald Eagles are strongly associated with beach fringe forests and the associated open habitat (Jacobson and Hodges 1999) . Anecdotal evidence suggests that eagles harass and even prey upon goshawks and other raptors foraging in these intertidal habitats. In Southeast Alaska, Bald Eagles have a large, dense breeding population (Jacobson and Hodges 1999) and might limit goshawk use of intertidal areas.
Northern Goshawks prey opportunistically upon species other than those readily available to them in forested habitats. Although seabirds may be abundant in intertidal areas, they cannot be captured as effectively as birds in forest conditions. Therefore, this prey resource apparently is only rarely used by goshawks.
White-necked Puffbird Captures Rufous-tailed Hummingbird
ABSTRACT.-Diets of puffbirds and mortality sources of adult hummingbirds are poorly known. I observed a White-necked Puffbird (Malacoptila macrorhynchus) attack and capture a Rufous-tailed Hummingbird (Amazilia tzacatl) in the Republic of Panama. This is the first report of birds as prey of puffbirds and identifies another source of natural mortality for hummingbirds. Received 6 October 2002 , accepted 24 November 2003 The diets of Neotropical puffbirds are poorly known, although most are thought to be primarily insectivorous (Rasmussen and Collar 2002) . Puffbirds are sit-and-wait predators that scan their surroundings then quickly sally to catch perched arthropods such as cicadas, beetles, moths, roaches, katydids, and spiders (Wetmore 1984) . Some proportion of the diet includes small vertebrates, particularly lizards and frogs (Wetmore 1984) , but the importance of vertebrates as prey of puffbirds has not been quantified. Birds have not previously been reported as prey of puffbirds.
On 20 December 1999, I was observing hummingbirds near a sugar water feeder in Gamboa, Republic of Panama (09Њ 10Ј N, 79Њ 45Ј W) at approximately 10:00 EST. Skies were partly cloudy with little wind at this forest edge. Two adult Rufous-tailed Hummingbirds (Amazilia tzacatl), common in second growth habitats (Robinson et al. 2000) , were foraging intermittently at the feeder, which was hanging from the eave of a house located 15 m from the edge of a woodlot. One male perched on an exposed, thin dead branch, about 12 m above the ground and 5 m below the canopy of the tree in which it sat. The bird was preening with its head down when an adult White-necked Puffbird (Malacoptila macrorhynchus) darted from a concealed perch in the canopy of a tree 15 m away, snatched the hummingbird off its perch, and carried the hummingbird, which was uttering 1 Dept. of Fisheries and Wildlife and Oak Creek Lab of Biology, Oregon State Univ., Corvallis, OR 97331-3803, USA; e-mail: douglas.robinson@oregonstate.edu high-pitched distress calls, crosswise in its bill and out of sight. I was unable to observe how the puffbird might have killed and consumed the hummingbird.
Sources of hummingbird mortality are poorly understood probably because of the small size of most species. Several reported hummingbird mortality sources, for instance, are rather unusual among birds, such as entrapment in spider webs (Graham 1997) , capture by insects such as praying mantis (Butler 1949 , Hildrebrand 1949 , Murray 1958 , capture by frogs (Monroe 1957 , Norris-Elye 1944 and even fish (Lockwood 1922 Peeters 1963) . In the tropics, the Tiny Hawk (A. superciliosus) may be a frequent consumer of hummingbirds (Stiles 1978) , whereas the Bat Falcon (F. albogularis) may take hummingbirds less often (Beebe 1950 (Lahti 2003) . It nests in often dense colonies in a variety of habitats, most abundantly near agricultural fields and water sources. Rice, when available, is the most significant item in the bird's diet; consistent availability of suitable grains, especially during the breeding season, has been suggested to be an important factor limiting the size of Village Weaver populations (Da Camara-Smeets and Manikowski 1981, Adegoke 1983) . The species is thought to be absent from arid habitats; in fact, its native range in sub-Saharan Africa coincides with that portion of the continent which receives Ͼ35 cm per year (Lahti 2003) . Rain is important in initiating colony formation and establishing subsequent breeding synchrony within the colony (Hall 1970) , and the length of the rainy season determines the length of the breeding season (Da Camara-Smeets 1982) . Here I report an observation of Village Weavers breeding in arid habitat and propose that breeding may be facilitated by consumption of cactus fruits.
During May and June 2001, I observed Village Weavers breeding in the desert of central Monte Cristi province of the Dominican Republic (19Њ 40Ј N, 71Њ 10Ј W), where no rain fell for at least one month. Local watercourses were dry and covered with cacti, and there were no standing water or agricultural fields in the vicinity of the breeding weavers. I located three large, dense colonies of approximately 70, 70, and 150 nests; one small colony of 8 nests; and one large diffuse colony of about 100 nests in trees of various species among stands of columnar pitayo cactus (Stenocereus hystrix). Cacti were densely distributed beneath and within 5 m of weaver nesting trees. All weaver aggregations contained birds building nests, displaying, incubating eggs, and feeding nestlings. During May and June 2001, I estimated that 70% of nests in all colonies were active.
I observed Village Weavers feeding consistently on the numerous ripe ovoid fruits of the cacti. The birds peeled and splayed open the fruits, and consumed pulp and juice along with the embedded seeds. Droppings from the weavers were frequent and distributed liberally over the ground and foliage beneath the colonies, especially from birds perched or flying within nesting trees. Droppings were watery, were colored red like the cacti fruit, and contained small, black, intact seeds that were similar in appearance to those of the cacti. The intact nature of the seeds and the apparently clumped distribution of the cacti around nesting trees raises the possibility that weavers may disperse the seeds of Stenocereus, as has been suggested of other birds (Wendelken and Martin 1988) . I saw no other birds in the vicinity of the weaver nesting trees and cacti.
There are no previous reports of weavers feeding on cacti. Weavers might compensate for the low availability of grains in the desert by exploiting the carbohydrate-rich Stenocereus fruit. Fruits of other cacti, such as saguaro (Carnegeia gigantea) and prickly pear (Opuntia spp.) provide important sources of carbon and minerals to birds in other arid habitats (Everitt and Alaniz 1981, Wolf et al. 2002) . If the nutritional value of Stenocereus is similar to that of other cacti, these weavers need to supplement their diet with protein sources such as arthropods, which are part of this bird's diet in its native range (Adegoke 1983) .
Perhaps more important than nutritional value is the water source this fruit provides. Cacti with similar fruits (Opuntia, Carnegeia) can retain 80% water content by mass, and are known to be important water sources for wildlife (Le Houerou 1996 , Wolf et al. 2002 . Because the range and timing of breeding in the Village Weaver strongly depend upon rainfall and proximity of water sources, I suggest that the existence and breeding of this species in such an arid environment are facilitated by the water content of Stenocereus. Captive Village Weavers will breed all summer long despite a lack of rain, if humans provide a consistent food and water supply (Collias and Collias 1970) . In natural populations, succulent fruits may substitute for rainfall in an otherwise unsuitable habitat. If this is true of Stenocereus and weavers on Hispaniola, breeding in this province and perhaps other arid regions of Hispaniola should coincide with the periods when Stenocereus fruit is ripe. Conversely, during other periods in the phenology of these cacti, weavers should cease breeding and increase their foraging range, or instead leave the deserts to establish colonies elsewhere, such as around the rice fields in central Dominican Republic. Future studies should test these predictions.
of American Samoa. The National Park of American Samoa was established in 1993, and approximately half of the island of Ta'u was leased to the U.S. Park Service (Craig 2002) . The Ta'u Island Unit encompasses 2,160 ha of coastal, upland, and high elevation scrub forests rising from the eastern and southern coastlines to the highest point in the territory at the summit of Mt. Lata (966 m). Habitat at the summit is composed of dense montane rainforest characterized by 'ie'ie vines (Freycinetia storkii and F. reinecki), tree ferns (Cyrtandra spp.), native melastomes, and the invasive alien melastome (Clidemia hirta). Rainfall at the summit can exceed 750 cm per year and misty conditions characterize the daily weather. Hurricanes episodically modify the forest environment, and Hurricane Val destroyed much of the tree canopy on the summit in 1991.
During a seabird survey at the summit on 19 July 2001, at 08:00 (Samoan standard time) we heard calls we thought were Tahiti Petrel (Pseudobulweria rostrata) or Audubon's Shearwater (Puffinus lherminieri) chicks in burrows, but the sounds apparently moved. We marked the location and after dark we attempted to locate adults arriving to feed chicks at a burrow. Since we found no adults, we placed a voice-activated tape recorder in the undergrowth at the site, but no vocalizations were captured on tape. When we heard the calls again at 16:00 the next day, we tried to locate the bird by crawling through the tangled undergrowth of ferns and vines to the base of several tree ferns, where the sound was last heard. Although some digging had occurred under the ferns, we found no burrow or other nest. We next heard sounds from this area at about 07:30 on 21 July, and again attempted to find the calling bird in the dense vegetation. The sound moved away rapidly, suggesting a bird other than a seabird chick, which would have been unable to move so quickly in the dense undergrowth.
Our search through the tangles elicited bird movements and a rattle-like alarm call preceding the emergence of a Spotless Crake from the vegetation. Its conspicuous red eye, pink legs, and dark gray body were diagnostic. Crakes were heard again making a ''bup-bupbup-bup-bup'' call from this site in December 2001 and December 2002. A ''churring'' call that was repeated at sunrise and sunset near our camp, about 0.5 km from the previous site, may have been from this species. Another crake was heard and glimpsed in December 2002 in similar habitat about 1.6 km distant.
Spotless Crakes are considered monogamous and territorial, possibly throughout the year (Taylor 1996) . Our observations of crakes in the same area on different visits suggest crakes might be territorial year round and widely scattered through the montane forest of Ta'u, an area of about 20 km 2 . Spotless Crakes occur from sea level up to 3,300 m in New Guinea (Taylor 1996) . Throughout its range, they are found in rank vegetation in almost any habitat, in fern-covered hillsides, heathy flats, and coastal scrub, usually near water (Taylor 1996) . On some islands, Spotless Crakes occupy low forests and also rocky habitats without standing water. They also readily occupy artificial wetlands, farmlands, and seabird islands where they have been reported to eat a wide range of prey, including insects on a cow carcass, seeds, shoots, and invertebrates, and also the eggs of shearwaters, petrels, and terns (Taylor 1996) . In the Kermadec Islands, New Zealand, they have been reported foraging in trees that hold Black Noddy (Anous minutus) nests (Taylor 1996) . On Ta'u, Tahiti Petrels are relatively common nesters in the areas where crakes were encountered, and it is possible that the crakes prey on petrel eggs.
During July 2001, we found that Norway rats (Rattus norvegicus) were present in moderate densities on the summit of Ta'u. Throughout the Pacific Islands, Spotless Crakes have suffered reductions and local extinctions where humans and associated exotic species are present (Taylor 1996) . Crake populations in Western Polynesia are declining precipitously as a result of introduced dogs, cats, mongooses, and rats (Watling 2001). Spotless Crakes survive in rat-infested areas of New Zealand by inhabiting the wettest part of the marsh, where rats are least likely to go (C. R. Veitch pers. comm.). Similarly, crakes may persist on Fiji, despite the presence of the mongoose, by inhabiting isolated swamps (Watling 2001). As a result of rat predation, Spotless Crakes have become rare on Norfolk Island, and the species is extinct on Raoul Island in the Kermadec Island group. Spotless Crakes persist in the Pitcairn Islands where rats have been eradicated from Oeno Island and should increase as a result (B. Bell pers. comm.). On Poor Knights Island, New Zealand, Spotless Crakes increased after human occupation ceased and pigs were removed (Taylor 1996) .
Norway rats have been present at low elevations on Ta'u for many years and may have contributed to the extirpation of the Spotless Crake from these areas. Pacific rats (R. exulans) are common in the forest area on Ta'u, but evidently only Norway rats are established in the upper rainforest. Norway rat predation on crakes, on their invertebrate foods, and on seabirds likely is a significant threat to their survival. The climate, terrain, and fiscal and legal constraints make rat control on Ta'u summit very unlikely in the near future. Current rodenticide registration in U.S. Pacific territories does not allow usage in nonagricultural areas. An exemption from the U.S. Environmental Protection Agency (EPA) to the Federal Insecticide, Fungicide, and Rodenticide Act is being sought. The EPA and USFWS are pursuing national registrations for rodenticides (brodifacoum and diphacinone) for conservation purposes, to be used in all U.S. territories and possessions, and these should be available within several years. Even with such a registration, significant fiscal and physical barriers must be overcome to insure that the Spotless Crake, a candidate for listing under the Endangered Species Act, continues to survive in the Samoa Archipelago.
